Extension of product's useful life through product recovery options can help to reduce the consumption of natural resource and environmental pollution. Remanufacturing operation is considered as the most suitable product recovery option for automotive parts. The objective of this paper is to identify the barriers and the critical success factors in automotive engine remanufacturing. A case study is carried out in an automotive engine remanufacturing plant, situated in the south-western part of India. In this case study, the strategic, tactical and operational characteristics of the remanufacturing process are explored, what are the barriers they have faced while remanufacturing and to overcome those barriers, what strategies they have adopted are also analyzed. A fuzzy technique for order performance by similarity to ideal solutions (TOPSIS) is used to identify the critical success factor to overcome the roadblocks of remanufacturing. As this study is directed by the experts' opinion from the remanufacturing plant which proves its practical implication. This case study is also useful for the other OEM remanufacturers in India.
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Introduction
Environmental awareness and increase in market demand for the new products have led to the development of new methods for reducing environmental pollution and effective consumption of natural resources by the industry. Extension of product's useful life through product recovery options can assist the company to achieve the above sustainability goals. Product recovery is a process where the remaining use value of the product is retrieved through several options such as reuse, repair, refurbishing, cannibalization and remanufacturing (Thierry et al., 1995) . Among these options remanufacturing is considered as the most suitable option for automotive parts because of its better work content, quality and warranty (Ijomah et al., 2007) . Remanufacturing is a process by which the used product is converted to 'as-new-as' the original product through several operations such as disassemble, cleaning, inspection and reassemble. Warranty of most of the remanufactured products is the same as the new product (Ijomah et al., 2007) . Various researchers defined remanufacturing in their own ways. A remanufactured product requires only 50% of the manufacturing cost, 60% of the energy and 70% of the material than manufacturing of a new product (Govindan et al., 2015) . These aforesaid benefits make automotive parts remanufacturing a popular and profitable business in developed countries like the United States and Europe. In the United States, the total amount of remanufactured product is increased by 15 percent from the year 2009 to 2011 and the value is close to $43.0 billion (Sharma et al., 2014) . Remanufacturing operation is highly profitable in automotive sector than any other sectors. A remanufactured automotive product/part can be a perfect ancillary of a new product/part because of the same quality and warranty compare to the new one and it reduces the GHG emission (Biswas & Rosano, 2011) . Developing countries like India and Brazil are still in the introductory phase to implement the remanufacturing process. According to Saavedra et al. (2013) , only 11% of research on remanufacturing are carried out in Brazil and China, whereas the figure reaches about 80% in the United States and Europe. Till now, very few research studies have been carried out to identify the related issues of remanufacturing in India. Though some domestic companies in India already started remanufacturing operation (Mondal & Mukherjee, 2009; Sharma et al., 2014) but the number is very less. The objective of this paper is to identify the barriers of automotive components remanufacturing in India and prioritize the critical success factors to overcome those barriers. To identify the critical success factor, fuzzy TOPSIS method is used. Two different fuzzy aggregation methods are used in this paper to analyse and compare the final priority ranking. Fuzzy logic is used with TOPSIS methodology to reveal the ambiguity and vagueness in the experts' opinion and degree of impact on the issues.
The structure of this paper is as follows. In section 2, a literature review is carried out. Section 3 consists of the brief illustration of the background of the company and along with barriers and the success factors, followed by the methodology in Section 4. Section 5 is related to the application of the approach and discussion with the managerial implication is in Section 6. Finally, the conclusion is in Section 7.
Literature Review

Remanufacturing paradigm in developing countries
In China, some research has been carried out in the area of remanufacturing in the automotive sector. Zhu et al. (2015) also discussed some strategic and operational barriers in truck remanufacturing in China. Tian et al. (2014) discussed on the requirement of the technological innovation for the development of automotive remanufacturing business in China. Technological innovation and upgradation are very much required in various steps in remanufacturing process. Abdulrahman et al. (2015) developed a strategic decision-making framework for remanufacturing. Xiang and Ming (2011) described how remanufacturing policies like Extended Producer Responsibility (EPR) help in the remanufacturing of automotive parts. A case study is done by Du and Li (2014) on the remanufacturing of the machine tool by OEM. In their paper, they described three types of industry based models (recycling, solution and trade in approach) in remanufacturing of machine tools. Wang et al. (2014) illustrated the influences of different subsidies in remanufacturing operations. Yusop et al. (2016) provided a clear picture of automotive remanufacturing in Malaysia in their paper. They conducted a survey based questionnaires among three group such as Government related agencies, Car manufacturers i.e. OEM and enforcement authorities. Shaharudin et al. (2015) identified some roadblocks in product returns and recovery in the manufacturing sectors of Malaysia. They identified that customers' performance and perception, economic and resource constraints are the major roadblocks which impede in product recovery. On the other hand, the remanufacturing scenario in India is still in infancy stage. An empirical study is done by Sharma et al. (2014) on the enablers and barriers in remanufacturing in the Indian context. They have identified competitive price is the major economic driver and lack of support from the government, quality related issues are the barriers in remanufacturing in India. Another case study is done by Govindan et al. (2016) on the automotive parts remanufacturing. They only keep their focus on the barriers in remanufacturing. Rathore et al. (2011) analysed the perception of the customers towards the remanufactured product and also analysed that whether remanufacturing operation is fruitful in the Indian context. Bhanot et al. (2017) developed a sustainability framework in manufacturing sector by identifying various enablers and barriers. They used DEMATEL method for developing the sustainability framework. Ravi (2015) developed an interactions model between the barriers to develop an eco-efficient packaging. Sabharwal and Garg (2013) evaluated the economic aspect of remanufacturing by using the graph theory approach. Various issues are analysed by Mukherjee and Mondal (2009) in photocopier remanufacturing in India. Saavedra et al. (2013) have done an exploratory case study on automotive remanufacturing in Brazil. Feng et al. (2016) used Decision Making Trial and Evaluation Method (DEMATEL) technique to inspect the contribution of the remanufacturing sectors in their national economy and also investigated the energy saving and emission reduction aspects than other sectors. Govindan et al. (2016) developed a framework which address the interrelationships and interdependencies among the barriers in automotive remanufacturing in India. To address the interdependencies and inter relationships, they used Interpretive Structural Modeling (ISM) along with Analytic Network Process (ANP). Xia et al. (2015) developed a causal framework to analyse the internal barriers in automotive remanufacturing. For this purpose, they used Grey-DEMATEL method. Tian et al. (2014) used Analytic Hierarchy Process (AHP) to identify the main technological factors which are very much significant in development of automotive component remanufacturing in China. Zhu et al. (2015) developed a framework by using Grey-DEMATEL method to recognize the internal barriers in truck engine remanufacturing in china. Their study is focused only on strategic and operational dimensions. Jiang et al. (2011) used AHP in remanufacturing portfolio selection. Golinska et al. (2015) developed a sustainability level for classification of the remanufacturing companies. For this classification, they used Grey Decision making method. Abdulrahman et al. (2015) identified the key elements for strategic decision making in remanufacturing. They used AHP method for identification the key elements. Bufardi et al. (2004) used multi criteria decision making tool to select the best EOL alternatives by using ELECTRE III method. They kept their focus on the selection of the best or the most suitable EOL alternative based on the users' preferences and environmental, economic and social performance. Rao and Padmanabhan (2010) used six attributes such as logistics cost, product cost, product value, total number of workers, emission of SO2 and CO2, recyclable cost, energy consumption etc. for analysing the best end of life scenario. They used fuzzy graph theory method to select the best scenario. Ghazalli and Murata (2011) developed an evaluation system for the end of life products by using the AHP and case based reasoning method. Chan (2008) developed a decision-making process to evaluate the optimal solutions from end of life options. They used Grey Relational Analysis (GRA) method for ranking the end of life options. Subramanian et al. (2014) used AHP method to rank the end of life reverse logistics factors in manufacturing sectors.
Multi Criteria decision making in remanufacturing
Background of the company along with barriers and success factors
The case study is carried out in a remanufacturing plant, situated in the western part of India, which is involved in remanufacturing of Midrange (MR), Heavyduty (HV) engine, long blocks (LB) and also different spare parts of automotive engines. Different industries like agriculture, oil and gas, mining, power generation, railway and marine are benefited from the service of their product. The used products or core are collected from its various distribution centers, followed by visual inspection and then transported to the warehouse. The remanufacturable cores are completely disassembled and thereafter cleaning (automatic cleaning and manual cleaning), crack detection, salvaging, reassembly and painting processes are done. The success factors which they have incorporated to overcome the barriers are listed in a tabular form, shown in Table 1 . Uncertainty in Supply and Demand (C7): Uncertainty in supply and demand make remanufacturing difficult.
Lack of Co-ordination between the actors in RSC (C8): Information sharing and coordination are important in reverse logistic. Marketing related problem for remanufactured product (C9): Proper market of remanufactured product is an important issue in India. Customer perception towards remanufacturing (C10): In India, customers have negative mindset towards the remanufactured product.
Uncertain Processing Time (C11): uncertain processing time is an intrinsic characteristic of remanufacturing.
Parts Mismatch problem (C12): Sometimes OEM avoid remanufacturing due to parts mismatch which may problem in the ownership of the product.
Success factors
Sustainable Product Design (A1) (Fang et al., 2014) .
Proper Business Model (A2) (Sharma et al., 2014) .
Technical Expertise (A3) (Mukherjee & Mondal, 2009 ).
Company Policy (A4) (Sharma et al., 2014) .
Proper Infrastructure & Advanced Technology (A5) (Mukherjee & Mondal, 2009, Experts) . Investment (A6) (Prakash & Barua, 2015) . Support and Commitment from the Top Management (A7) (Prakash & Barua, 2015) .
Encouraged the customers to buy remanufactured products (A8) (Mondal & Mukherjee, 2009 ).
Separate market for the new and remanufactured products (A9) (Mondal & Mukherjee, 2009; Prakash & Barua, 2015) .
Methodology
In this paper, a case study approach is used to identify the barriers and critical success factors. The barriers and success factors are identified (shown in Table 1 ) from the literature review and from the experts' opinion of the remanufacturing company. The success factors are then prioritized by using Fuzzy TOPSIS method. Experts use linguistic terms to express the qualitative criteria. But, there are some vagueness, ambiguity and biasness in the expert's opinion. To eliminate the vagueness and biasness from the experts' opinion, fuzzy set theory is used. A fuzzy set (Zadeh, 1965) is defined by the membership function. Two different fuzzy aggregation method is used in this paper. The advantages of the TOPSIS method such as it's logical and rational nature, considers the distance from best and worst alternative, simple and easily programmable compel us to use Fuzzy TOPSIS in this paper. As we mentioned earlier, two different fuzzy aggregation method is used for priority ranking of the success factors which are described later and then the ranking is compared by the experts of the automotive engine remanufacturing plant.
Before going to describe the Fuzzy TOPSIS method in details, a few information related to fuzzy set theory is illustrated below. Triangular Fuzzy Number (TFN) is used by the experts to give fuzzy ratings of the alternatives and fuzzy relative importance weights of the criteria. TFN can easily handle those decision-making problems which contain both subjective and imprecise information. If , , and , , , then following operation laws are follows:
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If , , and , , are two TFN, then the distance between two TFNs are calculated by using vertex method, which is shown in Eq. (5).
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A linguistic variable which is expressed in terms of linguistics terms and represented by TFN. In this paper, 0-1 scale is used to represent the relative weights of the criteria and 0-10 scale is used to represent the rating of the alternatives. The 0-1 and 0-10 scales (Kannan et al., 2014) are shown in Table 2 and 3 respectively.
Table 2
Linguistic variable and relative importance weight of the criteria (1,3,5) Fair (F) (3,5,7) Medium Good (MG) (5,7,9) Good (G) (7,9,10) Very Good (VG) (9,10,10)
Fuzzy TOPSIS 1
In this Fuzzy TOPSIS 1 method, we use Graded Integration Method (GIM) to aggregate the experts' opinion related to criteria and alternatives (Kannan et al., 2009 ).
Step 1: Construction of the decision matrix A group of E decision makers , , … . . , are used to construct a decision matrix which contains M numbers of alternatives , , … . , and N numbers of criteria , , … . , . The decision matrix format is as:
is the rating of the alternative with respect to the criterion. Let , , … . , are the relative weight vector of the criteria , , … . , respectively.
Step
2: Aggregation of the decision-makers' individual evaluation
Aggregation of the decision-makers' individual opinion towards the evaluation of the weights of the criteria and relative rating of the alternatives are calculated as: Suppose , , , 1,2, … , & 1,2, … . , be the assigned weight by the jth expert against the ith criteria. , , is transformed into crisp number by using GIM. Consider , is the converted crisp number. Then the aggregated weight for the criteria is evaluated by using Eq. (6).
Similarly, for the aggregated rating of the alternatives, consider , , , 1,2, … , ; 1,2, … , & 1,2, … , be the assigned relative rating by the expert against alternative and criteria. , , is transformed into crisp number by using GIM. Consider , is the converted crisp number. Then the aggregated rating for the alternative against the criteria is evaluated by using Eq. (7).
Step 3: Construction of the normalized matrix
The aggregated decision matrix of M alternatives and N criteria is normalized by using Eq. (8). * where,
∑ (8)
Step 4: Construction of the weighted normalized matrix
The weighted normalized matrix is evaluated by multiplying the normalized matrix with the normalized aggregated weight of the criteria, which is shown in Eq. (9). The weighted normalized matrix is represented as * . Where, *
Step 5: Determination of positive and negative ideal solution
The evaluation of the positive and negative ideal solution is described in Eq. (10) and (11) Step 6: Distance calculation of each alternative from PIS and NIS The distance of each alternative from PIS and NIS is calculated by using Eq. (12) and Eq. (13) respectively.
(12) (13)
Step 7: calculation of closeness coefficient and ranking of the alternatives The closeness coefficient (CC) is evaluated by using Eq. (14). CC is used to rank the alternatives. The alternatives are ranked according to their CC value.
(14)
Fuzzy TOPSIS 2
In this Fuzzy TOPSIS 2 method, instead of using GIM, the aggregation of the individual opinion of the decision-makers is done by Eq. (15) (Prakash & Barua, 2015) . Suppose the aggregating fuzzy rating , , , then
Step 1: Development of decision matrix Similarly, as the previous fuzzy TOPSIS method, A group of E decision makers , , … . . , are used to construct a decision matrix which contains M numbers of alternatives , , … . , and N numbers of criteria , , … . , . The decision matrix format is as:
where, is the rating of the alternatives with respect to the criterion. Let , , … . , are the relative weight vector of the criteria , , … . , respectively. Each decision maker use Table 3 to rating the alternative w.r.t the criteria. The aggregated fuzzy decision matrix is calculated by using Eq. (15).
Step 2: Normalization of the aggregated fuzzy decision matrix
The normalization procedure is done by using Eq. (16) and (17) respectively. Consider the aggregated fuzzy decision matrix is represented as , * . For benefit criteria, the normalized value is , , , ,
For the cost criteria, the normalized value is
Step 3: Construction of the weighted normalized matrix
The weighted normalized matrix is evaluated by multiplying the normalized aggregated fuzzy matrix by the weights of the criteria, which is shown in Eq. (18) , *
Step 4: Determination of positive ideal and negative ideal solution PIS and NIS are calculated as discussed before in Fuzzy TOPSIS 1.
5: Distance calculation of each alternative from PIS and NIS
The distance between PIS and NIS from each alternative is calculated by using Eq. (19) and (20) respectively.
The value of , and , is calculated by Eq. (5) Step 6: calculation of closeness coefficient and ranking of the alternatives This step is same as the previous TOPSIS method. According the value of CC, we rank the alternatives.
Application
An expert team is formed which consists of five members. Out of five, three members are from the remanufacturing plant and the remaining two are academicians. All the experts have experience of more than seven years in their respective fields. Before data collection, the purpose of this study was thoroughly discussed with them. Then a structured interview was adopted for the data collection for developing the decision matrix. Experts use the linguistics terms from Table 2 and 3.
Step 1: Development of decision matrix
The fuzzy decision matrix between alternatives w.r.t criteria is formed from the individual expert. Table  4 shows the fuzzy decision matrix of the second expert. Also, the individual assessment of the weight of each criterion is shown in Table 5 . 
Step 2: Aggregation of the decision-makers' individual evaluation
The individual expert's opinion for fuzzy rating matrix of the alternative and the weight of each criterion are aggregated.
Table 6
Aggregated weight of each criterion in Fuzzy TOPSIS 1
In Fuzzy TOPSIS 1, the aggregation of the rating of alternatives and weight of each criterion is done by using Eq. (7) and (6) respectively. Similarly, in Fuzzy TOPSIS 2 the aggregation of the rating of the alternatives and weight of each criterion is done by using Eq. (15). The aggregated weight of each criterion from fuzzy TOPSIS 1 and the aggregated rating of the alternatives from fuzzy TOPSIS 2 is shown in Table 6 and 7 respectively.
The normalization of the aggregated rating of the alternatives is done by using Eq. (8) for Fuzzy TOPSIS 1 and by using Eq. (16), (17) for fuzzy TOPSIS 2. The normalized aggregated rating for alternatives of Fuzzy TOPSIS 1 and 2 is shown in Table 8 and 9 respectively.
Table 7
Aggregated rating of the alternative in Fuzzy TOPSIS 2
(7,9.6,10) (5,7.8,10) (0,3.4,7) (0,2.2,5) (3,6.6,10) (1,5.4,10) (3,6.6,9) (1,3,5) (3,5,7) (1,3.8,7) (0,2.2,5) (0,0.8,3) A2 (3,7,10) (7,9,10) (7,9,10) (5,7,9) (3,5,7) (5,7,9) (5,7.4,10) (9,10,10) (3,5,7) (3,5,7) (3,5,7) (1,3,5) A3 (0,2.6,7) (0,2.6,7) (1,3.4,7) (0,2.2,7) (0,1,3) (0,1.8,5) (3,5.4,9) (3,5.8,10) (1,4.6,10) (1,4.2,7) (5,7.4,10) (1,3,5) A4 (7,9,10) (3,5.4,9) (7,9,10) (7,9,10) (7,9,10) (5,7,9) (0,2.6,5) (3,5,7) (5,7,9) (3,5,7) (0,1,3) (0,1,3) A5 (9,10,10) (1,4.2,9) (7,9,10) (7,9,10) (1,3,5) (5,7,9) (5,7,9) (7,9,10) (5,7,9) (3,5,7) (7,9,10) (7,9,10) A6 (5,7.4,10) (5,7,9) (7,9,10) (3,5,7) (1,3,5) (7,9,10) (1,3,5) (3,5,7) (3,5,7) (0,0.8,3) (3,5,7) (0,1,3) A7
(1,4.2,7) (1,4.2,7) (3,5,7) (3,7.4,10) (3,6.6,10) (1,5.4,9) (3,5.8,9) (7,9,10) (1,4.2,7) (0,1,3) (0,2.2,5) (0,2.2,5) A8
(1,3.8,7) (0,1.6,5) (0,2.2,5) (0,2.2,5) (3,6.2,9) (0,0.8,3) (0,2.2,5) (0,2.2,5) (7,9.4,10) (7,9.4,10) (1,3.8,7) (1,4.2,7) A9 (3,6.6,10) (1,4.2,7) (3,7.4,10) (0,3.4,7) (3,7.4,10) (0,2.2,5) (7,9,10) (1,3,5) (9,10,10) (9,10,10) (1,3,5) (0,1,3) Table 9 Normalized Aggregated rating of alternative in Fuzzy TOPSIS 2   A9  A8  A7  A6  A5  A4  A3  A2  A1 (0.3,0.66,1) (0.1,0.38,0.7 (0.1,0.42,0.7 (0.5,0.74 Step 4: Construction of the weighted normalized matrix and distance calculation
The weighted normalized matrix for Fuzzy TOPSIS 1 and Fuzzy TOPSIS 2 are calculated. For Fuzzy TOPSIS 1 & 2, we consider all criteria as a benefit criteria. The PIS and NIS of each alternative in Fuzzy TOPSIS 1 are calculated according to the Eq. (10), (11), (12) and (13). For Fuzzy TOPSIS 2, we consider 1,1,1 0,0,0 and then calculate the distance.
Step 5: Calculation of Closeness Co-efficient and ranking of the alternatives
The Closeness Co-efficient for the alternatives along with distance calculation and ranking of the alternatives of Fuzzy TOPSIS 1 and Fuzzy TOPSIS 2 method is shown in Table 10 and 11 respectively. 
Discussion and Managerial Implication
The ranking of the alternatives, from the two-different aggregation method of Fuzzy TOPSIS, shown in Table 10 and 11 respectively are different from each other. From Fuzzy TOPSIS 1 method, we get 9 1 2 4 8 6 5 7 3 and from Fuzzy TOPSIS 2, we get 5 2 4 9 1 6 3 7 8. In Fuzzy TOPSIS 1, method separate market for the new and remanufactured product, sustainable product design, proper business model and company policy are major success factor remanufacturing operations. On the other hand, in Fuzzy TOPSIS 2 method proper infrastructure and advanced remanufacturing technology, proper business model and company policy are the major success factor. Both the results are analysed by the expert team and they give more weightage on the result obtain from Fuzzy TOPSIS 2. The reason behind the better result for Fuzzy TOPSIS 2 is that in Fuzzy TOPSIS 1 defuzzification (GIM) process is done at the beginning i.e. before the aggregation of the individual expert opinion which results in loss of information. Proper infrastructure and advance remanufacturing technology signify the location of the remanufacturing facility, equipped with modern equipment and technology. As remanufacturing process encompasses with sub-operations such as disassembly, cleaning, inspection, testing and reassembly. Each of these sub-operations requires modern and advance technology. For example, crack detection during inspection and salvaging require advanced technology such as thermal spray, magnetic flux. Also, use of RFID technology in the product provides the information of the product quality. Proper business model and company policy refer to the what buyback schemes they have adopted to collect their used product, design of remanufacturable product, price of the remanufactured product etc. Separate market for the new and remanufactured product is another success factor for remanufacturing. If new and remanufactured product sells in the same market, then it may hamper the sale of the new product or it can cannibalize the market of the new product. Other success factors such as sustainable product design, support form top management, encourage customers to buy more remanufactured product are also important from remanufacturing point-of-view.
Price sensitive market and low labour cost make remanufacturing a viable business proposition in India. But lack of proper legislative law, customers negative attitude, resource scarcity, lack of proper business model of the company for remanufacturing are the common barriers in India. This study shows the common barriers in remanufacturing and also illustrate the success factors and prioritized them by the industry expert. This study also helps the other OEM to initiate remanufacturing business in India.
Conclusion
The reduction of natural resources and global environmental consciousness are essentially compelling various industrial sectors to elect some alternative technologies, which possibly help in the extention of the useful life of a product. Product recovery operations have already been accepted globally as one of the most appropriate propositions in this quest. The contribution of this paper lies prioritization of the success factor of remanufacturing business in the Indian context. The methodology adopted in this paper for prioritization of critical success factors in remanufacturing shows quite satisfactory results. The company too agreed upon the test results. Also, the efficiency of two Fuzzy TOPSIS method is compared in this study.
The result of this paper is based on a particular case study of a specific company and the opinions are based on subjective decisions made by the experts of the company. More case studies may be incorporated in this paper for reliable outcomes. Also, Fuzzy Analytic Hierarchy Process can be used to calculate the weights of the criteria.
